Physical performance of Finnish adolescents (33 females, 44 males) with moderate intellectual disability (ID) was studied over a 30year period. This study is an extension of Lahtinen`s previous work on documenting the performance of individuals with intellectual disabilities over time. This study consisted of analyzing data from a total of four data collection periods (1973, 1979, 1996 and 2003 in which participants ranged in age from 11-16, 17-22, 34-39 and 41-46 years old, respectively. Improvement from early to late adolescence, and decline during adulthood in abdominal strength/endurance, static balance, and manual dexterity were identified. The male adults with ID were moderately overweight (BMI), but the females with ID were obese. The IQ effect was significant on balance and manual dexterity. The gender differences in adulthood were significant, but differences were not noted for DS when controlling for IQ. 141 words Longitudinal research is important for persons with and without disabilities in that it provides information on participants across an extended period of time. As such, it contributes to knowledge about development and performance and the theories underlying the biocultural changes in physical performance that occur naturally with age (Malina, 2001; Sugden & Keogh, 1990 ). This study is an extension of initial longitudinal work on performance of Finnish adolescents with intellectual disability (ID; Lahtinen, 1975; 1986) .The previous studies examined naturally occurring changes in anthropometric and physical performance measures of individuals with moderate ID across two time periods, one in 1973 and one in 1979 in which individuals were 11-16 years of age (n = 77) and 17-22 years of age (n = 74). Body composition, cardiovascular endurance, muscular strength and endurance, static and dynamic balance, and manual dexterity were measured. Data
Longitudinal research is important for persons with and without disabilities in that it provides information on participants across an extended period of time. As such, it contributes to knowledge about development and performance and the theories underlying the biocultural changes in physical performance that occur naturally with age (Malina, 2001; Sugden & Keogh, 1990 ). This study is an extension of initial longitudinal work on performance of Finnish adolescents with intellectual disability (ID; Lahtinen, 1975; 1986) .The previous studies examined naturally occurring changes in anthropometric and physical performance measures of individuals with moderate ID across two time periods, one in 1973 and one in 1979 in which individuals were 11-16 years of age (n = 77) and 17-22 years of age (n = 74). Body composition, cardiovascular endurance, muscular strength and endurance, static and dynamic balance, and manual dexterity were measured. Data collection was continued in 1996 and 2003. The current paper is for the first time reporting the entire follow-up data set from the last two collection periods. The number of test items reported in this paper is limited to those measured with the same tests over the years. Thus, the results are presented for height, weight, BMI, sit-up, stork stand, and pearl transfer speed.
In Lahtinen's two data collection periods (1973 & 1979) , performance variability among participants and between periods was large. Across the two first periods, improvement was noticed in most of the functional tests. Physical activity during leisure time decreased from 11 to 3 hrs per week, and slight improvement in adaptive behavior was noted. Participants who lived at home and worked or went to school developed better eye-hand coordination and better adaptive behavior over time but had a greater prevalence of obesity than those in the institution or who lived at home all day. The complete results are reported in Lahtinen (1975 Lahtinen ( , 1986 . Selected data from the collection in 1996 regarding health-related physical fitness, physical activity, and life quality are reported in Romar, Lahtinen, Rintala and Rusi (1998) .
An early pioneer in studying the physical performance of individuals with ID was the late Dr. G. Lawrence Rarick in the United States. Summarizing earlier studies (e.g., Francis & Rarick, 1959; Malpass, 1960; Rarick, Widdop, & Broadhead, 1970) , Rarick (1973) stated that intellectual disability is almost invariably accompanied by substandard levels of performance. This is well supported by the Finnish data from the 1970s (Lahtinen, 1986) in which adolescents with moderate ID had a significantly lower mean and higher performance variability than the comparison group without disabilities (n = 195, age = 13 yrs) on all components of physical performance. According to Rarick (1973) , adolescents with mild ID lagged 2 to 4 years behind their age-peers without ID on measures of physical and motor performance. These findings deserve reevaluation (Sherrill, 2004) , because today's adolescents have greater access to education (physical education), recreation (communitiy fitness centers), and sport programs (e.g., Special Olympics).
One of the few existing longitudinal studies that focused on the physical fitness of adults with ID was carried out by Graham and Reid (2000) . The Canadian Standardized Test of Fitness was used to assess 32 participants with mild and moderate ID, 14 women and 18 men, aged 34-57 in 1983 and in a 13-year followup. Four participants had Down syndrome. The physical fitness of adults with ID was lower than for the nondisabled participants and declined over time. In addition, the magnitude of change over years, as compared to the participants without ID, was greater for both males and females in body mass index (BMI) and for the females only in sit-up test.
The pattern of physical performance change of individuals with ID from young, to middle, to old age is largely unknown. Acknowledging a paucity of longitudinal studies in relation to physical performance and the well-documented importance of physical performance in relation to overall health, these data collection periods include individuals who were still available and consist of those items that were measured in all four data collection periods. Therefore, the purpose of this study was to describe the longitudinal changes in physical performance by comparing the two previous periods with data from a third and fourth time period. The specific aims were to (a) describe the physical performance at four periods from early adolescence to later adulthood and relating to Finnish comparative data and to describe the differences related to gender and Down syndrome; (b) analyze the effects of gender and Down syndrome on the longitudinal trends of the development of physical performance, when controlling for the effect of IQ; and (c) analyze the effects of intelligence on the development of physical performance. Based on widely known data regarding the developmental pattern of physical performance with age in nondisabled populations (e.g., Malina, Bouchard, & Bar-Or, 2004 ) and earlier findings of the performance levels of individuals with ID (e.g., Graham & Reid, 2000) , we expect the physical performances to follow a general pattern with age, however, at a reduced level. We expect significant improvement in physical performance from early adolescence to late adolescence and a significant decline toward adulthood. Moreover, the level of the BMI score continuously increases over the years, indicating fatness problems. Regarding gender differences, we expect the females to have more overweight problems and lower performance on balance and abdominal strength/endurance, but higher performance on manual dexterity compared to the males over the different age periods. We also hypothesize that participants with DS would score lower on all items compared to participants without DS. Acknowledging that performance is related to intellectual level, we hypothesize that participants with low intellectual levels perform lower, especially related to balance.
Method Participants
Participants are described as they progressed through the four data collection periods. In 1973, all the participants with ID met the following inclusion criteria: (a) age range 11-16 years; (b) IQ range 30-70; (c) free of sensory, movement, and psychotic disorders hindering cooperation in physical performance testing situations; (d) living in the district of Central Finland; and (e) willingness to participate. Of the ID population meeting the criteria in this particular region, 82% (n = 77) agreed to participate in the study. The mean IQ of the participants was 46. Of the participants, 48 had an IQ within 1 SD. IQ was assessed by psychologists of the Central Institution for Intellectually Disabled (CIID). One fourth of the participants (19) had Down syndrome (DS). Their mean IQ was 36.6. The participants either lived at home (58%) or at the CIID (42%). Informed consent was given by the parents or their legal guardians, as well as by the children themselves.
In the 1973 study, the initial pool of participants consisted of 77 adolescents with ID (33 females and 44 males, M age = 13.5 years). In the 1979 time period (Lahtinen, 1986) , one female and two males had passed away, leaving 74 participants (M age = 19.5 years).
The third follow-up period occurred 17 years later in 1996. Since 1979 (the second data collection period), two females and one male passed away.
The contact procedure for data collection in 1996 was the following. The participants' parents or guardians were informed by letters, phone calls, and in some cases personal visits about the purpose and the procedures of the study, and agreement to participate was secured for 64 (27 females and 37 males, M age = 36.5) individuals, which was 84% of the females and 88% of the males from the original study group. Data about the quality of life and adapted behavior were also collected from the same individuals (Kosma, Wood, Rintala, & Acock, 2004) . For the 1996 study, 10 individuals did not participate for various reasons (eg., death, inconvenience).
All participants were dispersed across the country: 8% lived in the Central Institution for Intellectually Disabled (CIID), 13% lived independently, 41% lived in group homes, and 38% lived at home with their parents. Their vocational settings also varied. Approximately 10% of the participants worked in supportive employment, 65% in sheltered employment, and 16% at home performing various tasks. Only a few were unemployed.
The same contact procedure was followed in the 2003 follow-up study. Four males had passed away since 1996, but some individuals who could not be tested in 1996 due to sickness and/or refusal were available in 2003. Sixty-three individuals with ID (29 females and 34 males) participated in the fourth data collection period. At the time of data collection they ranged in age from 41-46 years old (M = 43.5).
In 1973, a comparison group of 195 randomly selected nondisabled children from the same geographical area as the ID group was tested in order to get comparison data for the tests (data reported in Lahtinen, 1979 Lahtinen, , 1986 . The comparison group was not followed up later. For comparison in adult age, existing Finnish norms were used (Laatikainen et al., 2003; Heliövaara & Aromaa, 1980 
Measurements
Although the first two data collection periods (Lahtinen, 1975 (Lahtinen, , 1986 ) required administration of 29 test items, a decision was made to limit data collection to 13 items in 1996 and 2003. Over the four data collection periods, six parameters that contributed to physical performance were measured with the same tests: height, weight, BMI, abdominal strength/endurance, static balance, and manual dexterity.
A cardiovascular fitness component was measured, but with different tests over the years. A 300 meter run was used in the first two measurements when the participants were young; however, the health of many of the participants in the older age groups did not permit a running test. In the third and fourth measurement periods, a walking test with Finnish age-norms was used with those participants who could walk at least at a moderate speed. Therefore, comparison over the years was not possible due to different tests. In this paper, we present findings based on the tests that were performed for all four test periods: 1973 (early adolescence), 1979 (late adolescence), 1996 and 2003 (adulthood) .
The anthropometric measurements included standing height and weight. Body Mass Index (BMI) was calculated by dividing a person's body weight in kilograms by his or her height in meters squared. The BMI is recommended when skinfold calipers cannot be used, or researchers lack training to take skinfold measurements (American College of Sports Medicine, 1992) . The BMI has the highest correlation with independent measures of body fat (Sims, 1976 : see Fox, Rotatori, & Burkhart, 1983 . For people without disabilities, concurrent validity values range from r = .70 -.82, using percent body fat as a criterion measure (Lohman, 1992) . The reliability values are considered high because "the measurement of weight and height is very precise when following a standardized protocol" (Lohman, 1994) . In analyzing the distribution of the BMI scores, the following classification was used: underweight < 18.5; normal 18.5-24.9; overweight 25.0-29.9; obese > 30.0 (National Institutes of Health, 1998).
The sit-up test was used to measure muscular strength/endurance. For the sit-ups, the participants assumed a straight-back supine position with bent knees (about 90 degrees), hands crossed on the chest, and the feet placed flat on the floor. The tester held the ankles and counted the continuous repetitions (maximum 50) up to the sitting position without time limit.
Sit-ups yield logically valid and reliable data for individuals with ID (test-retest r = .88; Jette, Sidney, & Cicutti, 1984) . However, motivation could have been a problem, as was indicated by the Reid, Montgomery, and Seidl (1985) finding in the test-retest of the intra-class correlation coefficient R = .63, using the Canadian Standardized Test of Fitness. Pizarro (1990) concluded that modified sit-ups were reliable (test-retest r = .83 and .94) and suitable for use with adolescents with ID. Lahtinen (1986) reported the reliability coefficient values of r = .90 and .92 when the test was administered a week apart for 10 adolescents (7 males, 3 females) with ID.
Static balance was measured by a stork stand test. The performers balanced on the dominant leg while they placed the heel of the opposite foot at the level of knee joint against the inner side of the supporting leg, with the thigh rotated outward. The hands were placed on the hips. Possible movements (not foot) were allowed when necessary. The participants were first instructed to familiarize themselves with the balance position, and they were advised to stand as long and as quietly as possible. Sixty seconds was the upper limit for the task. Three trials were allowed, and the best was recorded.
The stork stand test has acceptable face validity, a test-retest reliability (r = .87), and an inter-rater type of reliability (objectivity; r = .99) for persons without ID according to Johnson and Nelson (1986) . Suni et al. (1996) reported inter-rater ICC values of .76 (SEM 13.3 seconds) and 1.0 (SEM 0.3 seconds) in two different studies for adults without ID. The test-retest reproducibility over 1 week was also tested. A moderate amount of variability was discovered for the one leg standing (mean difference between testing days 3.7 seconds with a 95% confidence interval from -2.2 to 9.6). Lahtinen (1986) tested 10 adolescents with ID on stork stand 1 week apart and found test-retest reliability of .88.
Manual dexterity was measured using Lahtinen's (1986) "pearl transfer speed" test of moving pearls from bowl to bowl, a test designed for this study. The participants transferred 10 pearls (7 mm diameter) with a preferred hand as fast as possible, one at a time from one plastic bowl (14 cm diameter) to another. The bowls were in front of the person, 5 cm apart from each other. Three trials were allowed, and the best score was recorded. The test had an interclass test-retest reliability of .86.
Procedures
For the 1973 and 1979 test periods, items were administered in the same manner by three physical education teachers, each in charge of different test items. The teachers were trained in test administration, and they were familiar with the participants. In 1973, testing took place at the Central Institution for Intellectually Disabled (CIID). Those participants who lived at home were asked to come to the institution for 2 testing days. The parents were interviewed relative to their child's adaptive behavior. The adolescents had a physical examination performed by a physician, and the performance tests were administered. The overall individual physical performance testing time varied between 3 hours and a full day. Ten participants needed 2 days for the testing. A considerable amount of time was used to familiarize the adolescents concerning the test situation, tests, and the testers. The test procedures were demonstrated, and participants were allowed to practice the items until they understood the test and felt comfortable taking it. The order of the tests was planned so that motivational problems and fatigue were minimized. The testing order was as follows: (a) manual dexterity items-a 15-min rest, (b) balance and strength items-a 15-min rest, and (c) height and weight measurements. Verbal encouragement was given by the testers in all test situations to ensure the participants' best efforts.
In 1996 and 2003, the tests were administered where the participants worked (sheltered workshops), and lived (institution, group home, own home, or parental home). The authors traveled from one work site to another and from home to home. The first author conducted interviews about life situations, activities etc. and familiarized the parents or guardians as well as the participants with the testing procedures. The second author, along with a graduate student in physical education, administered the performance tests. After spending time getting to know the participant, the researchers measured height and weight, followed by muscular strength, balance, and manual dexterity performance. The participants were cooperative.
Testing procedures for the 2003 time period followed those of the 1996 administration and closely followed the administration of the 1973 and 1979 periods as well. However, the order was changed. Before beginning test administration, the participants were able to familiarize themselves with the items. Test instructions were simple, precise, and age appropriate. At the beginning of each test, verbal encouragement such as "try your best" was given. Verbal praise such as "good effort" was given for every completion or attempt to complete the test.
Data Analyzis
The data were analyzed using SPSS for Windows statistical software (version 11.5) and MLwiN (version 1.1, see Rasbash et al., 2000) . Means and standard deviations were calculated for all variables. Data from all previous years of test administrations composed the data set.
A hierarchical linear model was used to analyze data (Bryk & Raudenbush, 1992; Snijders & Bosker, 2002 ). The linear model consisted of two levels with repeated measures, where the repeated measurements were nested within individuals. The individuals represent the level 2 units, and the repeated measurements represent the level 1units. The model consists of two parts: fixed and random. In the fixed part, the general longitudinal trend is estimated. The effect of intelligence on the development of physical performance is controlled for by including it as an explanatory variable in the fixed part of the model. The random part consists of a variance-covariance structure, which expresses how the individuals deviate from the average trend. In this application, each occasion has its own variance, and each pair of occasions has its own covariance, (i.e. the random part is unstructured).
The benefit of the above method is that missing data do not pose a problem, as we assume that absent data occur at random. Effect sizes (Cohen, 1988) were calculated to describe the magnitude of differences and longitudinal changes. According to Cohen (1988) an effect size of 0.8 is large, 0.5 is medium or moderate, and 0.2 is small.
Results

Anthropometric Measures and Physical Performance for Four Time Periods
The descriptive data and t test results are presented in Tables 1 and 2 . The height of both males and females with ID was lower than their peers (Comparison group: N = 195 from Lahtinen, 1986) without ID in 1973 (mean 152 cm vs. 158 cm). The average height of the participants with Down syndrome (DS) was 143 cm. Over the next six years, the participants with ID reached their maximum height, and as adults their height 169 cm (males) and 158 (females) was 10 cm (males) and 7 cm (females) below the norm of the Finnish adults without ID (Laatikainen et al., 2003) . The adults with DS had a mean height of 155 cm.
The weight of the adolescents with ID was comparable to that of the comparison group (48 kg) in 1973. The females' weight increased over the entire 30-year period, whereas the weight of the males dropped during the last seven years. Abdominal strength/endurance was measured by means of a sit-up test. In 1973, the performances of girls and boys were essentially the same. The comparison group performed double the amount of sit-ups. In the sit-up test, none of the adolescents, and only one male participant reached the maximum score (50) in adulthood, whereas 6% of the adolescents and about 40% of the adults were not able to perform a single sit-up. The adolescents with Down syndrome performed about 7 sit-ups, and those without DS performed about 14 sit-ups (p = .001). DS participants were an average of 6 months younger, which may have influenced the result at that age, but in adulthood no performance differences were noted. Furthermore, the adult females had significantly lower sit-up values than the males in 1996 and 2003 (p = .009 and p = .002, respectively). Static balance was measured by a stork stand. In 1973, the comparison group reached a mean value of 59 s compared to 19 s for those with ID. The maximum performance (60s) was reached by about 25% of adolescents, and less than 10% reached the maximum score when they became adults. On the contrary, none of the adolescents scored zero in 1973, but about 34% had a zero score in adulthood.
As a result about one-third of the adults were able to stand on one foot for less than one second. The females exhibited extremely low scores in adulthood. The participants without DS exhibited significantly better static balance than those with DS for all the testing periods.
Manual dexterity was measured with a pearl transfer test. No significant gender differences were noticed. The participants without DS were significantly faster than those with DS, except on one testing occasion (1996) . In 1973, the comparison group reached the mean value of 8 s compared to 17 s for those with ID.
Physical Performance When Controlled for Intelligence
Gender and Group Differences. Estimated effects of gender and Down syndrome on the Body mass index, sit-ups, stork stand, and pearl transfer over the four time periods after controlling for the effect of intelligence are presented in Table 3 . Males consistently had a lower BMI compared to females for the entire 30-year period. The difference was not statistically significant during adolescence in 1973 and 1979, but it increased over the years and was significantly lower (p =.008 and p =.001) for the males compared to the females in adulthood. There was no significant effect of DS on BMI.
In sit-ups, both males and females performed best in the second testing period (late adolescence). Thereafter, the average decrease in the number of sit-ups was from 17 to 5 for the females, and from 22 to 12 for the males without DS. Gender was significant for the last two periods (even when IQ was controlled) (p = .005 and p = .002). The participants with DS were at a lower level compared to the others only for the first time period (p=.022).
In the stork stand test, the gender difference increased over time, when the effect of IQ was controlled. Males scored higher (10 s) than females in the last two measurement periods (p = .033 and p = .024). In the DS group, the mean was significantly lower compared to the non-DS group in the first two measurement periods (p = .048 and p = .030, respectively). No significant effect was noticed in adulthood for DS when controlling for the effect of IQ. The females with DS had poor performance on the stork stand test in the final measurement period (mean = 3 s). There were no significant effects in the pearl transfer test when IQ was controlled. Note. BMI = Body mass index; DS = Down syndrome. In the model, the reference group of each period is the females without DS. Male effect is the difference between the means of the females and the males. DS effect is the difference between the means of the participants without and with Down syndrome. Est.
is the coefficient estimate of the effect, and s.e.
its standard error. The p value is the significance level, testing the statistical hypothesis that the effect is equal to zero. Average R2 is the mean of the proportional reductions in the variances of each age period.
Change over Time. Changes over time are presented in Table 4 . An increase in BMI was significant for males and females with and without DS. Changes took place from the first to second time period and from the second to the third time period. In sit-ups, the changes were also significant, revealing an increase from the first to the second, and a decline from the second to the third time period. Most effect sizes were large. Only minor changes were seen in BMI and sit-ups between the third and fourth time periods.
In the stork stand test, the increase from the first time period to the second was statistically significant for the females and the males without DS (p < .01), but the effect sizes were small. The decrease from the second to the third time period was statistically significant for the females and the males without DS (p < .001). Large and moderate effect sizes were noted. However, for the females with DS, a small effect size was obtained. There was a slight non-significant decline for the DS participants and a plateau pattern for the others between the third and fourth time periods.
There was a statistically significant improvement in the pearl transfer test in both the females and the males with DS from the first to the second time period (p < .001 and p < .01, respectively), followed by a significant decline from the second to the third time period (p < .01). The effect sizes were moderate to large. Also the females without DS exhibited the same pattern. Scores continued to decline for the last time period.
The largest effect sizes were obtained in BMI for the females from the first to the second and from the second to the third time periods. The largest improvements were found for sit-ups from the first to the second time period. However, sit-up performance declined from the second to the third time period.
Effects of Intelligence
Intelligence had a significant effect for the stork stand (p = .001) and pearl transfer test (p = .001; Table 3 ). The higher the IQ, the better the scores. In the stork stand test, the coefficient estimate of intelligence was 0.713. Accordingly, an increase of 10 points in the IQ increased the test time by seven seconds. In the pearl transfer test, the coefficient estimate of intelligence was -0.261, and an increase of 10 points in the IQ decreased the test time almost 3 seconds.
Gender, DS, and intelligence combined, best explained the variation in the results of pearl transfer and stork stand tests. The average R2 of the four measurement occasions was 0.217 (pearl transfer) and 0.211 (stork stand). The average R2 for the BMI and sit-up test were not as high, (0.078 and 0.099, respectively), since IQ did not explain the variance of these measurements.
Discussion
Overall results show that performance increased from early adolescence to late adolescence and declined toward adulthood. Compared to available Finnish comparison and norm data, the pattern of development is similar in individuals with ID but their performance was at a lower level. In addition, they exhibited greater performance variability. Note. BMI = Body mass index; DS = Down syndrome; ES = Effect size. Change is the mean difference between two consecutive age periods, based on the coefficient estimates in Table 3 . Wald test of linear combinations of the coefficient estimates in Table 3 is used for testing the statistical significance of changes over age periods. Effect sizes are the mean differences between two age periods divided by the total standard deviation in 1973.
Body Mass Index (BMI)
The BMI values were equal to the comparison group in early adolescence, but increased significantly until late adolescence, exceeding comparable Finnish values, and increasing further until the participants reached the age of 34-39 years (third time period). At that time, about 70% had BMI values exceeding 25. The findings are in line with our hypothesis and with earlier research indicating overweight problems in adults with ID (e.g., Frey & Rimmer, 1995; Graham & Reid, 2000; Hove, 2004) . Gender related findings were expected and observed. In their 40s, the male adults were moderately overweight (BMI = 26), comparable to their peers of the same age without ID (World Health Organization, 2005) . The females with ID exhibited significantly higher BMI values (33) compared to males. The effect of gender was significant in the third and fourth time periods even after controlling for IQ. As hypothesized, the findings of gender difference support earlier studies (Frey & Rimmer, 1995; Rimmer, Braddock, & Fujiura, 1994) . Overall, females were considered obese compared to the body mass index norms of the World Health Organization (2005). In the general Finnish population, values are similar: weight increases with age (e.g., Lahti-Koski, Jousilahti, & Pietinen, 2001) . In comparison to the adult population without disabilities (National Finrisk 2002 Study; Laatikainen et al., 2003) , in which the average BMI for males and females of this age group is 27 and 26, females with ID are again well beyond the national mean values. Our hypothesis regarding differences between participants with and without DS was not supported. There was no significant difference in BMI values between the participants with and without DS. Some studies have, however, documented overweight in adolescents (e.g., Cronk et al., 1988) and adults (e.g., Bell & Bhate, 1992) with DS compared to adults with ID but without DS.
Abdominal Strength/Endurance
In early adolescence, the abdominal strength/endurance was significantly lower for both the males and the females with ID compared to the comparison group. Earlier studies (Dobbins, Garron, & Rarick, 1981; Fernhall & Pitetti, 2000) found this as well. The low level of abdominal strength/endurance was also noticed in both male and female adults and corroborate earlier results (Felix, McCubbin, & Shaw; Graham & Reid, 2000) . Males significantly outperformed females in adulthood, even when IQ was controlled. A significant improvement was noticed from early adolescence to late adolescence, but thereafter there was a decline of about the same magnitude by the time the participants reached their 40s (Table 4 ). The declining pattern with age is congruent with Fernhall's (1993) and Graham and Reid's (2000) earlier notions, especially of muscular endurance. The only significant difference in relation to DS was noticed in early adolescence. The adolescents with DS were on average 6 months younger than the others. No significant differences (even after controlling for IQ) were found between the adults with and without DS. Our results support the findings of Croce, Pitetti, Horvat, and Miller (1996) . They tested leg strength and found no significant difference between participants with and without DS.
In line with several earlier studies (e.g., Pitetti & Boneh, 1995; Pitetti & Fernhall, 1997) , we expected the participants without DS to outperform those with DS. Considering the strength/endurance of the abdominal muscles as one of the crucial elements of health-related fitness (Fernhall, 1993) , it was disturbing to find that 40% of the participants were not able to perform a single sit-up in adulthood.
Balance
Static balance was also found to be significantly lower in the ID group than in the comparison group in early adolescence. In adulthood, about one-third of the participants with ID could not stand on one foot for one second. Twenty-five percent of the adolescent group but less than 10% of the adult group reached the maximum performance (60 seconds). On the other hand, the minimum performance (0 s) increased from 0% to 34% over the 30 year period. Compared with the adult Finns without ID, whose average score was 60 s (Laatikainen et al., 2003) , the static balance level of the adults with ID is troublesome. The low score findings for the adults in the balance test are congruent with the earlier studies (e.g., Suomi & Koceja, 1994) . Significant gender and DS differences were also observed: The males significantly outperformed the females in the adulthood measurements, and the non DS group outperformed the DS group in adolescence (after controlling for IQ). Significant improvement in adolescence years and decline in adulthood were observed for the females and the males without DS, but not for the participants with DS. It is, however, important to notice that the participants with DS and especially the females scored low on the balance test. A performance plateau was observed during the last time period. The results support our hypothesis as well as earlier findings indicating poor balance performance in adolescents with DS (Jobling & Gunn, 1995; Jobling & Mon-Williams, 2000) .
Balance in adulthood is a complex phenomenon and based on the development of postural control and locomotion from the birth. The known pattern of delayed development of postural control and walking in children with ID (e.g., Sugden & Keogh, 1990 ) indicates a probable delay in adulthood as well. It does not, however, mean that balance could not be improved by environmental influences: Positive physical training effects have been identified (e.g., Carmeli, Kessel, Coleman, & Ayalon, 2002; Carmeli, Zinger-Vaknin, Morad, & Merrick, 2005n; Tsimaras & Fotiadou, 2004) . Poor balance presupposes an increased risk for falling and, consequently, for additional health problems. In addition, those with poor balance may have difficulty performing a variety of leisure activities as well as those of daily living.
Manual dexterity
Manual dexterity was significantly lower in the ID group compared to the comparison group in early adolescence. The finding supports the work of Kioumourtzoglou, Batsiou, Theodorakis, and Mauromatis (1994) . In their work they found a slight improvement in late adolescence, followed by a decline in adulthood. When IQ was controlled, no significant gender or DS differences were observed for any time period. However, differences were observed in the subgroups over the years, when the IQ was not controlled. According to our hypothesis, the performance of the DS group should have been lower compared to the non-DS group. Manual dexterity of both females and males with DS developed significantly during the adolescent years but declined significantly in adulthood (Table 4) . Thus, the general longitudinal pattern for manual dexterity was similar to the pattern of abdominal strength/endurance and balance.
In individuals with DS, the development of manual dexterity/skill is influenced by many factors. There is a typical, delayed, anthropometric growth pattern of the hand and muscle hypotonicity (Charlton, Ihsen, & Lavelle, 2000) . But there is also evidence for reduced hypotonicity with increasing age (Morris, Vaughn, & Vaccaro, 1982) and thus flaccidity may not be the only explanation for the low performance level found in adulthood.
Effect of IQ
It is assumed that the degree of intellectual disability has an effect on performance (Hove, 2004) . When examining change over 30 years, we controlled for the effect of intelligence in order to present an average developmental pattern and to estimate the effects of gender and Down syndrome. Based on our results, we conclude that intelligence had a significant effect on two variables, i.e., static balance and manual dexterity. The higher the IQ, the better the results. The effect of IQ on the BMI and abdominal strength/endurance was not evident. Hove (2004) found a significant relationship between the degree of ID and BMI, indicating that persons with mild mental retardation are more likely to be obese. Gender differences after controlling for the effect of IQ were found in a number of variables. Adult males had significantly lower BMI and higher abdominal strength/endurance and balance performances than the adult females. No significant gender differences were found in manual dexterity at any age level.
Concluding remarks
Individuals with ID performed at a significantly lower level in abdominal strength/ endurance, static balance, and manual dexterity, when compared to nondisabled peers in early adolescence. However, these significant differences were not observed for BMI. Toward late adolescence, all performance measures developed positively, except BMI, which significantly increased. The naturally occurring trend in the following 17 years was downward, indicating low values in all measures of physical performance. By the final time period, 30 years later, the values continued to decline. It is reasonable to assume that these findings follow the general performance pattern found for those without ID, however at a lower level. It is also reasonable to assume that these results are similar to other Scandinavian countries, and in Western societies as well.
None of the participants of this study was actively involved in organized sport activities, such as Special Olympics. Most of the participants worked in sheltered employment, where the tasks were oriented toward manipulative skill activities rather than use of gross motor/fitness activities. Most of the participants had little to no physical education experience. And, according to their caregivers and/or parents/relatives, participants were not regular exercisers in adulthood. Our impression is that their level of physical activity was low in most cases. Having said this, the decline of physical performance is not surprising. It is likely that performance may have been similar to nondisabled population if they would have been physically active. These results support those by Graham and Reid (2000) , in which the promotion of fitness and physical activity programs for individuals with ID is essential.
The results of this study underscore the importance of studying development in individuals with ID on specific components of physical performance across the lifespan. Because we know very little about the nature of naturally occurring changes in this population (Sugden & Keogh, 1990) , the results of this study are a valuable addition to the knowledge base.
